Previous studies show that the environmental quality and economic growth can be represented by the inverted U curve called Environmental Kuznets Curve (EKC). In this study, we conduct empirical analyses on detecting the existence of EKC using the five common pollutants emissions (i.e. CO 2 , SO 2 , BOD, SPM 10 , and GHG) as proxy for environmental quality. The data spanning from year 1961 to 2009 and cover 40 countries. We seek to investigate if the EKC hypothesis holds in two groups of economies, i.e. developed versus developing economies. Applying panel data approach, our results show that the EKC does not hold in all countries. We also detect the existence of U shape and increasing trend in other cases. The results reveal that CO 2 and SPM 10 are good data to proxy for environmental pollutant and they can be explained well by GDP. Also, it is observed that the developed countries have higher turning points than the developing countries. Higher economic growth may lead to different impacts on environmental quality in different economies.
Introduction
The environmental Kuznets curve (EKC) hypothesis indicates the inverted Ushape on the relationship between the incomes per capita or the gross domestic product (GDP) and the environmental degradation (emissions or pollutants). It is established by Kuznets in 1955's, and it has been referred to him since 1990's on the study of North American Free Trade Agreement (NAFTA), under the Environmental Kuznets Curve (EKC) (AkbostancI et al ., 2009 ).
There is a clear relationship between income level and the environmental quality reported by the World Development Report (World Bank, 1992) . That relationship illustrates the inverted "U" shape, started with positive trend and levelled off in the peak, and then it will decline. A reasonably clear pattern has emerged from numerous empirical studies on the relationship between the income per capita and emission pollutions. (De Groot et al., 2004) .
In this study, we intend to investigate if the EKC is detected in two groups of economies, i.e. developed and developing economies by using different data as proxy of environmental quality. The second purpose is to compare the influence of the emissions on the economic growth between developed and developing economies. Our results reveal that EKC does not hold in all countries and that using different data to proxy for environmental emissions produce different results. There are evidences of EKC in both groups of economies using CO 2 and SO 2 as proxy for environmental emissions. Higher economic growth may lead to different impacts on environmental quality in different economies/ countries.
The remaining parts of the paper are organized as follows: Section two is the literature review of EKC; Section three the theory and conception of EKC; Section four explains the methodology which we had applied; Section five discusses the findings and the final section is the conclusion.
The environmental Kuznets curve (EKC)
The environmental Kuznets curve is a curve that detects the relationship between the economic growth and the environmental equality. The inverse relationship between economic growth and environment shows that each increasing of income level leads to degradation of the environment. 
En

EKC -Model specification
The standard equation of EKC can be written as follows:
where ln(E/P) represents the natural logarithms of the emission per capita, E the emission pollutants, P the population, GDP/P the income per capita while 1 
Data and methodology
Source of data
In our study we are interested to examine the relationship between economic growth which is measured by GDP and five of the most popular pollutants (SO 2 , CO 2 , GHG, BOD, and SPM 10 ). The study is focused on 40 countries which can be divided into two categories, developed and developing economies as defined by World Bank. Developed economies consist of Austria, Belgium, Canada, Denmark, Estonia, Finland, France, Greece, Ireland, Italy, Japan, Luxembourg, Malta, Netherlands, New Zealand, Norway, Portugal, Republic Slovak, Spain and Sweden. Developing economies include Azerbaijan, Bahamas, Bulgaria, Eritrea, Ethiopia, Hungary, Iran, Jordan, Korea, Republic Kyrgyz, Latvia, Lithuania, Mauritius, Moldova, Oman, Poland, Romania, South Africa, Tajikistan, and Turkey. The data take the range from 1960 to 2011. All data are collected from the World Bank website, except SO 2 emission is collected from Anthropogenic Sulfur Dioxide Emissions: 1850-2005 website.
The proxy of economic growth, gross domestic product per capita (GDP) is measured by USD$. Whilst the dependent variables are the pollutants consist of CO 2 emissions measured by metric tons per capita, SO 2 emissions collected using a bottom-up mass balance method, calibrated to country-level and SPM 10 suspended particulate matter micrograms per cubic meter, refer to less than 10 microns in diameter. Other pollutants include GHG net greenhouse gases emissions/removals refer to changes in atmospheric levels of all greenhouse gases attributable to forest and land-use change activities. The data was collected in million metric tons. The other pollutant is BOD organic water pollutant kg per day which is measured by biochemical oxygen demand, refer to the amount of oxygen that bacteria in water will consume in breaking down waste. This is a standard water-treatment test for the presence of organic pollutants.
Estimation approach -panel data analysis
We apply the panel data analysis to detect the EKC curve between the pollutants and the economic growth. The turning points of the EKC curve is calculated based on the estimation result. Panel data helps to detect the dynamics of changes in short time series. It provides more powerful regression by considering the place (spatial) and the time (temporal) dimensions of the data (Schmidheiny and Basel, 2011 where i μ are time-invariant or fixed over time. On the other hand, under a random effects specification, the mean error i μ and random error it u are randomized. Both the error components are assumed to be random variables with normal distribution which is identically independent distributed (i.i.d.). These error components are uncorrelated with the independent variables (Yaffee, 2003 ( ) ( ) 
Diagnostic tests
Hausman test is used to compare between the two estimated models, fixed effects model (FE) and random effects model (RE). It is considered as Wald χ . Under random effects model, the matrix difference in brackets is positive, as the random effects estimator is efficient and any other estimator has a larger variance. Under the null hypothesis, both FE and RE models are consistent with RE is more efficient. Under the alternative hypothesis, FE is more efficient than RE. Therefore, the rejection of null hypothesis will suggest for the choice of FE model (Yaffee, 2003) .
Redundant test is used to compare between the fixed effects model and the pooled model. The main purpose to conduct this test is to identify if pooled OLS model is sufficient to apply or one should include the fixed effects in the model. We assume that the pooled regression model is the baseline for the comparison without any effect. The test statistic is defined by: 
Results
Diagnostic tests
The results of Hausman test are summarized in Table 2 . The results suggest for the adoption of FE model in most cases as the test is significant. The results suggest RE model for the pollutants of BOD and GHG in developed economies and SO2 and GHG in developing economies. The numerical values are the test statistics which are significant at 1% level ***; at 5% level ** and at 10% level *.
The next step after selecting the FE model is to compare between FE and pooled OLS model by using the redundant test which based on Chi-square value. In some cases the redundant test is omitted because the Hausman test has identified the practical case to apply the random effects model. The results of that test are summarized in Table 3 . The results of CO 2 emission shows that all test values are significant at 1% level signifying the use of FE with exception of the use of SO 2 and SPM 10 in period effects model for developed economies, and the use of BOD in period effects model for developing economies. 
The numerical values are the test statistics which are significant at 1% level ***; at 5% level ** and at 10% level *.
Estimation results
The EKC equations to be estimated are summarized as below:
Cross section effects ( ) After deciding the models, we continue with the estimation. The fixed effects model is estimated using GLS method, then it will call robust model. The results of estimations are summarized in Table 4 . Cross section effects model can explain the data better than period effects specification as the R 2 and R 2 adjusted are higher. CO 2 and SPM 10 are good proxies for environment variables in EKC analysis as these variables can be explained more than 90% by the explanatory variables of GDP for both developed and developing countries. BOD and GHG have weak relationship with GDP as the later has low explanation on the movement of these two variables.
It is observed in CO 2 estimated model that for each 1% increase in GDP leads to greater environmental degradation of about 2% and it followed by greater improvement in environmental quality of 0.1% in both developed and developing countries. However SPM 10 has inverse situation. Using SO 2 and CO 2 as proxy for environmental variables, we detect the inverted U curve of EKC with higher turning point in EKC. GDP has the largest impact on SO 2 . The relationship follows the inverted U curve of EKC. The impact of GDP on SO 2 is as high as double on CO 2 in the case of developed countries. In contrary, the impact of GDP is the highest on CO 2 in developing countries. Table 4 Estimation Models (continued)
Coefficient estimate is significantly different from zero, * at 10%; ** at 5%. *** at 1%. Table 5 provides the results of turning points obtained from the estimation models in Table 4 . EKC does not hold in all cases but it has detected in most of them. In certain case we detect U shape and other case with increasing trend without any turning point. In general, the turning point in developed countries is higher than that in developing countries. Among the developed countries the CO 2 and BOD have the higher turning points of inverted U shape. While in developing countries the higher turning points of inverted U shape is detected on the SO 2 emission. 
Turning points EKC Curve
Conclusions
This study aims to investigate if the EKC hypothesis the relationship between economic growth and environmental degradation in developing and developed economies holds by using different environmental variables (CO 2 , SO 2 , BOD, SPM 10 , GHG) included in that models. In particular we compare the results between two groups of countries i.e. developed and developing countries. The analysis is conducted by applying the panel data analysis. The Hausman and redundant tests are conducted in ordered to determine the appropriate model for different cases (random effects, fixed effects and pooled model). The main findings of this study reveal evidences of the existing the inverted U shape in most cases. We rely on cross section effects model more than period effects specification which can explain the data better as the R 2 and R 2 adjusted are higher. CO 2 and SPM 10 are good proxies for environment variables in EKC analysis as these variables can be explained more than 90% by the explanatory variables of GDP for both developed and developing countries. However the BOD and GHG have weak relationship with GDP. GDP has double effects higher on SO 2 than CO 2 . The turning points in developed countries are higher than that in developing countries. Among the developed countries the CO 2 and BOD have the higher turning points of inverted U shape. While in developing countries the higher turning points of inverted U shape is detected on the SO 2 emission.
